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A monoclonal antibody (MAB I0), obtained from mice 
infected with T_rypanosoma cruz i, was found to recognize a 
superficial antigen in living or fixed parasites. It reacted 
more strongly with T. cruzi than with related parasites such 
as T. brucei and Leishmania. In immunoblots it recognized a 
single trypanosoma polypeptide and also brain tubulin, both 
of which had the same electrophoretic mobility. Further 
analysis suggested that the (~-tubulin subunit contained the 
epitope recognized by MAB i0. These results suggest that a 
surface tubulin-like protein is present in T. cruzi. ® 1986 
Academic Press, Inc. 
Trypanosoma cruzi is the ethiological agent of Ameri- 
can trypanosomiasis (Chagas' disease) which affects an esti- 
mated 20 mill ion individuals in the Western hemisphere (i). 
This disease leads to autoimmunity as shown by the presence 
in patients'sera of EVI antibodies against normal endocar- 
dium, vascular structures and the interstitium of cardiac 
muscle (2) together with others that react against Swann 
cells (3), Laminin (4) and antigens from striated muscle 
(5). In addition, some antibodies are produced against 
important surface proteins of T. cruz! such as the glycopro- 
teins Gp 90 (6), Gp 85 (7) and Gp 72 (8). Of particular 
Abbreviations used : ELISA, enzyme-linked immunoabsorbent 
assay; PBS, phosphate-buffered saline; NP-40, Nonidet P-40; 
SDS-PAGE, sodium dodecyl sulphate polyacrylamide gel elec- 
trophoresis. 
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interest to the present  study was the poss ib i l i ty  that anti-  
bodies produced by infected animals might react with a 
superf ic ia l  prote in  in T. cruzi that was also present in 
host cells. Our results suggested that a monoclonal  ant ibody 
obtained f rom infected mice produced ant ibodies that recog- 
n ized superf ic ia l  tubul in- l ike ant igens present in all mor- 
phologies of T. cruzi. 
METHODS 
Growth of paras i tes  
The strain of T. cruzi used in this study, or ig inal ly  
iso lated from a c l in ical  case, was obtained from Dr. Jorge 
Albar (Centro de Virologla,  Majadahonda,  Madrid). The 
tryanosomes were mainta ined by subcultures in LIT medium 
(9). Metacyc l ic  t rypomast igotes were prepared by 
d i f ferent ia l  centr i fugat ion  of parasi te cultures at 500 g 
for f ive minutes after which  the supernatant was 
recentr i fuged. This supernatant conta ined >95% metacycl ic  
t rypomast igote  forms. 
Preparat ion of monoclonal  ant ibodies 
Female Balb/c mice were immunized by in~ect ion wi th  a 
mixture of morpholog ies  of live T. cruzi (i0 trypanosome 
per mouse) on the f irst  ( intraper i toneal) ,  15th (i.p.) and 
27th ( intramuscular)  days. Five days after the last injec- 
t ion the spleen cel ls were removed and fused with  P3/X63-Ag 
8653 myeloma cel ls (i0) as descr ibed previously  (ii). 
Successful  hybr ids  were selected and screened for ant ibody 
product ion by enzyme- l inked immunoabsorbent  (ELISA) and 
indirect imnunof luorescence assays. The selected hybr ids 
were cloned three times. 
Indirect immunof luorescence with  the monoclonal  ant ibody MAB 
l_~0 
This technique was per formed on either l iv ing or 
f ixed parasites.  For the latter, paras i tes were smeared onto 
glass slides, a i r -dr ied and f ixed for 10 minutes at -20°C 
with  acetone/methano l  (I:I). E i ther f ixed or l iv ing cells 
were incubated wi th  the MAB I0 hybr idoma asci tes f luid (at a 
f inal  d i lut ion of 1/500 in PBS) for 1 hour at 4-°C. Samples 
were then sta ined with a f luoresce in -con jugated goat anti 
mouse IgG (Nordic, T i lburg,  The Nether lands)  d i luted i/i00 
in PBS for 1 hour at 4°C. 
Enzyme- l inked immunoabsorbent  assay (ELISA) 
The assay was adapted for use w i th  intact cells (12) 
or extracts f rom "freeze-thaw" ~reatment wi th  sl ight 
modi f icat ions.  Br ief ty  parasites (10 /ml of PBS) were heated 
at 50eC for 6 5 minutes before being washed and resuspended 
to 2.5 x I0 /ml of PBS. They were then appl ied to a 96-wel l  
polyvinyl  chlor ide (PVC) plate, and incubated wi th  serial 
d i lut ions of asc i tes f lu id conta in ing MAB i0, or control-  
ascites,  for one hour at room temperature.  A peroxidase-  
conjugated ant i -mouse IgG was then added to each well,  at a 
1177 
Vol. 139, No. 3, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 
f inal d i lut ion of 1/500 in PBS/BSA, and incubated for one 
hour at 49C. Af ther  react ion wi th  the substrate (100 ml of 
d is t i l led water, 0.47 g of citr ic acid, 0.73 g of Na2HP04, 
40 mg of 0 -phenylenediamine and 30 ~i of 30% H209) , t~e 
coloured react ion product was measured w~th a 
mul t i spect rophotometer  (Titertek, Mult iskan) at a wave length  
of 405 nm. 
Pr__eparation of microtubule  and trypanosome proteins 
Pig brain microtubules were prepared by two cycles of 
temperature dependent  recyl izat ion as descr ibed previous ly  
(13). Where indicated in Results,  tubul in free of assoc iated 
proteins was prepared by phosphocel lu lose chromatography 
(14) after which it was reduced and carboxymethy lated (15), 
prior to e lectrophoresis .  A protein extract  was obtained 
from parasites, washed with PBS, by lysis with 0.5% w/v 
Nonidet P-40 (NP-40). 
The NP-40 soluble proteins of T. cruzi and microtu-  
bule proteins were separated by po lyacry lamide gel electro-  
phoresis (SDS-PAGE) in an 8% polyacry lamide slab. Carbo- 
xymethylated tubul in was e lectrophoresed in a 5-15% gradient 
gel. Proteins were either v isual ized by sta in ing wi th  Cooma- 
ssie blue or e lect rophoret ica l ly  t ransferred to ni trocel lu-  
lose membrane f i l ters (16). The blots were incubated wi th  
the hybr idoma culture supernatants (i/i0 di lut ion) 
contain ing MAB 10 at 4eC overnight. They were then 
incubated with  rabbit  ant imouse IgG (Nordic) fo l lowed by 
commercia l ly  iodinated protein A (i00,000 cpm/ml -Amersham 
Internat ional ,  Amersham, U.K.). 
RESULTS 
Several  monoc lonal ant ibodies were obtained after 
infect ing mice wi th  T. cruzi. One of these, denominated MAB 
Fig. i. Indirect immunofluorescence assay of live epimasti- 
gote forms of T. cruzi with MAB i0. The photograph in (a) 
shows the diverse morphologies found in the T. cruzi cultu- 
res visualized by phase contrast microscopy. In (b) is shown 
a phase contrast micrograph of the same population after 
incubation with MAB 10. An immunofluorescence micrograph (c) 
of the same field shown in (b) indicates the superficial 
localisation of the epitope recognized by MAB i0. The agglu- 
tination of the parasites is also suggestive of superficial 
labelling with MAB 10. 
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Fig. 2. Indirect immunofluorescence assay of metacyclic 
trypomastigote forms of T. cruzi with MAB i0. The phase 
contrast micrograph and staining with Giemsa in (a) and (b), 
respectively, indicate that the population used was highly 
enriched in trypomastigote forms (>90%) of T. cruzi. The 
indirect immunofluorescence micrograph shown in (c) shows 
high surface labelling with MAB 10 in these infectious 
forms. 
I0, was the subject of the present study. When a live T__~. 
cruzi culture was incubated with  MAB i0 fo l lowed by f luores- 
ce in - labe l led  rabbit  anti  mouse IgG, a strong f luorescence 
was observed that was mainta ined for long time periods, 
suggest ing that the epitope recognized by this ant ibody was 
superf ic ia l  and stable (Fig. i). To show that the natural  
infect ious forms (trypomastigotes) expressed this epitope, a 
preparat ion of T. cruzi enr iched in these forms was f ixed 
and analyzed by immunof luorescence with  MAB I0. As shown in 
f igure 2, the preparat ion,  which conta ined most ly  infect ious 
forms, as determined by phase-contrast  microscopy (a) and 
staining wi th  Giemsa (b), was preferent ia l ly  stained on the 
cell surface. 
The speci f ic i ty  of MAB I0 for l ive T. cruzi was then 
determined by ELISA. As can be seen in F igure 3, the ant ibo-  
dy had a h igher  af f in i ty  for intact T. cruzi than for an 
extract of lysed T. cruzi .  Its af f in i ty  for intact Leishma- 
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Fi@. 3. Measurement  of the speci f ic i ty  of MAB I0 for T__~. 
cruzi and related parasites using ELISA. Asci tes f luids 
contain ing MAB i0 were incubated wi th  f ixed (intact) T__~. 
cruzi (O), a lysed T. cruzi extract produced by a cycle of 
f reeze- thawing in H20 ([]) (extr. Tc), f ixed promast igote 
forms of Le ishmania  mexicana (Q) (L.m.), and b loodstream (~) 
(TDT) or ep imast igote (I) (THE) forms Of T. brucei  . The 
results are plotted as absorbance (A 405 nm) of coloured 
react ion against  log d i lut ion of asc i tes fluid. The shaded 
area represents the l imits of the d i f ferent  controls of the 
non- immune ascites. 
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Fig. 4. Immunoblot t ing analysis  of t rypanosome and micro- 
proteins. Extracts of NP-40 soluble trypanosome 
proteins and twice cycled microtubule proteins were separa- 
ted by SDS-PAGE in either an 8% gel (a) or a 5-15% (b) 
gradient gel. Panel (a) shows Coomassie blue staining of 
t rypanosome proteins (i) and microtubule  proteins (2) and 
the autoradiographs of their corresponding immunoblots (3 
and 4, respect ively)  wi th  MAB 10. In panel (b) is shown the 
Coomassie blue sta in ing gel of phosphoce l lu lose-pur i f ied  
tubul in (i) and its corresponding immunoblot  (2). Arrows 
indicate the posi t ion of the tubul in band (55 kDa). The 
upper arrow in the Coomassie ~el in panel (b) indicates the 
~- tubu l in  subunit  and the lower arrow represen~- -~- tubu l in .  
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nia and bloodstream forms of T. brucei was three to four 
orders of magnitude lower. 
To analyze the nature of the antigen recognized by 
MAB i0 at the molecular level, immunoblotting analyses were 
performed. MAB i0 recognized a protein of molecular weight 
about 50 kDa in NP-40 soluble extracts of T. cruzi (Fig. 
4A). Brain tubulin, which had the same electrophoretic 
mobility as the trypanosome antigen, was also recognized by 
this antibody. When a further blot was performed on tubulin 
purified by phosphocellulose chromatography and carboxyme- 
thylated prior to electrophoresis, the antibody specifically 
recognized the ~ -subunit (Fig. 4B). 
DISCUSSION 
The results of the present study suggest that an 
antigen similar to ~- tubul in  is exposed on the surface of 
both infective and non-infective forms of T. cruzi. However, 
at this stage we cannot rule out the possibil ity that this 
may represent a cross-reaction of MAB-10 with the native 
form of the antigen from trypanosome extracts and ~-tubul in 
in immunoblots. Nevertheless, native brain tubulin competes 
with the binding of MAB-10 to its natural epitope in ELISA 
experiments (unpublished results). 
The antigenic determinant recognized by MAB I0 is 
much more abundant (or more specific) in T. cruzi than in 
other parasites belonging to the same family (L. mexicana) 
or genus (T. brucei) which showed a titre with MAB i0 of 
three or four orders of magnitude lower. 
Interestingly, antibodies to tubulin have been found 
in sera from patients with Leishmania (17), although they 
could have been produced against tubulin released from lysed 
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parasites. However, patients infected with T. cruzi produced 
antibodies that cross-reacted with both laminin and T. cruzi 
(4). 
The fact that 
and a superficial T. 
MAB i0 recognizes both brain tubulin 
cruzi antigen with the same molecular 
weight, suggests that the latter may represent a surface 
membrane-associated form of tubulin. In this respect, a 
protein similar in electrophoretic mobility to tubulin has 
been described in cultured neurons (18) and leukemic lympho- 
cytes (19), the latter being a modified form of ~-tubulin. 
Taken together, these findings and the results of the 
present study would be consistent with the idea that some 
antibodies produced against T. cruzi in infected animals may 
recognize superficial tubulin in the membrane of host cells. 
We ale currently investigating this possibility. 
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